Analyzing diverse seismic catalogs, we have determined that the probability densities of the earthquake recurrence times for different spatial areas and magnitude ranges can be described by a unique universal distribution if the time is rescaled with the mean rate of occurrence. The shape of the distribution shows the existence of clustering beyond the short-term regime, and scaling reveals the self-similarity of the clustering structure. This holds from worldwide to local scales and for quite different tectonic environments. Aftershock sequences also follow this universal recurrence-time distribution if the rescaling is undertaken with the time-varying rate.
time process in four dimensions (spatial coordinates and magnitude) into a simple process on a line for which events occur at times t i , with i = 1, 2 . . . N, and therefore, the time between successive events can be obtained as τ i = t i+1 − t i , i = 1, 2 . . . N − 1. These are the recurrence times in a given L 2 −region for events above M c , which can also be referred to as inter-occurrence or waiting times. Note that, with this transformation, we have lost the structure in space and in the magnitude scale; nonetheless, the change in the process properties with the variation of L and M c will allow us to recover some of this information.
Due to the multiple time scales involved (from seconds or minutes to many years), the probability density of the recurrence time must be calculated with care. We could work with the logarithm of τ , but an equivalent and more direct possibility is to define the bins over which the probability density is calculated exponentially growing as c n , with c > 1
and n labeling consecutive bins (we usually take c = 2.5). This ensures that we have the appropriate bin size for each time scale. We then count the number of pairs of consecutive events separated by a time whose value lies into a given bin, and divide by the total number of pair of events (number of events minus one) and by the size of the bin, to attain the estimation of the probability density D xy (τ ) over that bin, where xy denotes the spatial coordinates of the region. (D xy also depends on L and M c , but for the sake of simplicity in the notation, we obviate this dependence.) Moreover, due to the incompleteness of the catalogs in the short-time scale, we will not display in the plots time intervals that are smaller than 2 minutes.
The entire Earth has been analyzed by this method. Figure 1A shows the results for D xy (τ ) for worldwide earthquakes in the NEIC-PDE catalog for the 1973-2002 period, using L from 180
• to 2.8
• (about 300 km) and M c from 5 to 6.5. Note the variation of the recurrence time across several orders of magnitude. Figure 1B shows the rescaling of all the distributions with the mean rate R in the region, defined as the total number of events divided by the total time interval over which these events span. The perfect data collapse implies that we can write
where R xy stresses that the rate refers to the (x, y)-region (of size L 2 and with M ≥ M c ).
The scaling function f can be well fit by a generalized gamma distribution,
with parameters γ = 0.67±0.05, δ = 0.98±0.05, B = 1.58±0.15, and C = 0.50±0.10, which has a coefficient of variation CV ≃ 1.2. In fact, the value of delta can be approximated to one, which corresponds to the standard gamma distribution; we therefore essentially have to 95% of probability). The deviations are considerable for small values of τ ; although the statistic is low in this case (few events in the small bins being considered), for certain regions there is a clear tendency for the distribution to exceed the value given by the scaling function, that is, there is an excess of very short recurrence times, in the form of another power law but with the exponent close to (minus) one. This occurs when the rate in the region is not stationary, due to the sudden increase and slow decay of the activity provoked by aftershock sequences. Furthermore, these increments become more apparent when the size of the region decreases, in such a way that, for L ≤ 11
• , not all the regions in the world verify the scaling law; this can be solved in some cases by rescaling with the mean rate in the region calculated, not over the whole time-span of the catalog, but only over the period for which the rate is stationary (no activity peaks). Nevertheless, the aftershocks can be so important for certain particular regions that a stationary period may not exist.
The same analysis is performed on local catalogs and identical results hold, as The shape of the distribution D xy (τ ) indicates that the memory of the last earthquake is conserved up to the largest times, with the probability of a subsequent event being maximum immediately after the last shock, and slowly decreasing with time. This constitutes a clustering effect (20) , in which earthquakes attract each other, and has as a counter-intuitive consequence the fact that the longer it has been since the last earthquake, the longer the expected time will be till the next (21) . On the other hand, the scaling of D xy (τ ) under changes in M c , L, and the region coordinates implies that the clustering structure is selfsimilar over different regions and magnitude ranges. The robustness of the distribution under such changes is therefore noteworthy. It is also remarkable that if the region is kept fixed and only M c varies, the scaling with the rate R xy can be substituted by the factor 10 −bMc , where b refers to the b−value of the frequency-magnitude relation (1, 2) in that particular region (11, 12) ; despite the regional variability of b, the universality of the scaling function f remains valid.
At the outset of this exposition, we suggested that our results were valid for all events, including aftershocks; however, the aftershocks can break the scaling of the distribution up to very large time values. We can then say that the universal distribution does not describe the short-time intervals over which aftershocks replicate. This may appear to be correct, but can be turn out to be mistaken in the following way: for aftershock sequences, the mean rate is not stationary, but changes with time; therefore, we should rescale the recurrence times using the "instantaneous" rate r xy (t). For many sequences, r xy (t) is found to decay following the Omori law (3),
where t is the time elapsed since the mainshock (and the parameters depend on x, y, L, and M c ). Figure 2A shows precisely this for several important earthquakes in Southern California (15). The corresponding recurrence-time distributions, calculated over the period for which the Omori law is fulfilled, are displayed in Fig. 2B ; the results after rescaling with r xy (t) appear in Fig. 2C , again in agreement with the universal distribution. The scaling is outstanding, taking into account that the p−values spread from 0.9 to 1.35. Note also that this scaling implies the existence of a secondary clustering inside the primary clustering of the aftershock sequence, and therefore the process is not a nonhomogeneous Poisson process.
The present characterization of the stochastic spatio-temporal occurrence of earthquakes by means of a unique law would indicate the existence of universal mechanisms in the earthquake-generation process (22), the understanding of which, however, is still far beyond us. Nevertheless, the context of self-organized critical phenomena (11-13) provides a coherent framework at this stage. These findings can also be relevant to continuous-time random-walk models of seismicity (23, 24) , time-dependent hazard, and forecasting in general (25) (26) (27) (28) . 
